AFRL-ML-TY-TR-02-4540

MINIMUM PERFORMANCE REQUIREMENT FOR
AIR FORCE FLIGHTLINE FIRE EXTINGUISHERS:

EXTINGUISHING PERFORMANCE AGAINST
3-DIMENSIONAL AND HIDDEN FIRES

MAY 2002

‘ Approved for Public Release; Distribution Unlimited I

MATERIALS & MANUFACTURING DIRECTORATE

AIR FORCE RESEARCH LABORATORY

AIR EXPEDITIONARY FORCES TECHNOLOGIES DIVISION
139 BARNES DRIVE, STE 2

TYNDALL AFB FL 32403-5323



REPORT DOCUMENTATION PAGE Form Approved OMB No.
0704-0188

[Public reporting burder for this collection of information is estibated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the data needed, and completing
and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burder to Department of Defense, Washington
Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of
law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (FROM - TO)
01-05-2002 Final rept. xX-05-2002 to xx-05-2002

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Minimum Performance Requirement for Air Force Flightline Fire Extinguishers: F08637-98-C-6001
Extinguishing Performance Against 3-Dimensional and Hidden Fires 5b. GRANT NUMBER

Unclassified 5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Se. TASK NUMBER
5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME AND ADDRESS 8. PERFORMING ORGANIZATION REPORT
Air Force Research Laboratory (AFRL/MLQD) NUMBER

Materials & Manufacturing Directorate
Airbase & Environmenta Technology Division
Tyndall AFB, FL32403-5323

9. SPONSORING/MONITORING AGENCY NAME AND ADDRESS 10. SPONSOR/MONITOR'S ACRONY M(S)

, 11. SPONSOR/MONITOR'S REPORT
INUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
APUBLIC RELEASE

[13 SUPPLEMENTARY NOTES

[T ABSTRACT
See report.
15. SUBJECT TERMS
16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. 19. NAME OF RESPONSIBLE PERSON
OF ABSTRACT NUMBER |EM86, (blank)
Public Release OF PAGES|lfenster@dtic.mil
12
a. REPORT b. ABSTRACT |c. THIS PAGE 19b. TELEPHONE NUMBER
Unclassified Unclassified Unclassified International Area Code
lArea Code Telephone Number
703767-9007
DSN
427-9007

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std 239.18




NOTICES

THIS REPORT WAS PREPARED BY THE AIR FORCE RESEARCH
LABORATORY (AFRL) AIR EXPEDITIONARY FORCES TECHNOLOGIES
DIVISION, TYNDALL AIR FORCE BASE, FLORIDA 32403.

USING GOVERNMENT DRAWINGS, SPECIFICATIONS, OR OTHER DATA
INCLUDED IN THIS DOCUMENT FOR ANY PURPOSE OTHER THAN
GOVERNMENT PROCUREMENT DOES NOT IN ANY WAY OBLIGATE THE US
GOVERNMENT. THE FACT THAT THE GOVERNMENT FORMULATED OR
SUPPLIED THE DRAWINGS, SPECIFICATIONS, OR OTHER DATA DOES NOT
LICENSE THE HOLDER OR ANY OTHER PERSON OR CORPORATION; OR
CONVEY ANY RIGHTS OR PERMISSION TO MANUFACTURE, USE OR SELL
ANY PATENTED INVENTION THAT MAY RELATE TO THEM.

THIS REPORT HAS BEEN REVIEWED AND IS APPROVED FOR PUBLICATION.

DOUGLAS DIERDORF
Project Officer
AFRL/MLQD

Dmééf/i XA[/( Y/ !

DONALD R. HUCKLE, JR., Colonel, USAF
Chief, Air Expeditionary Forces Technologies Division

il



Fore Approved
REPORT DOCUMENTATION PAGE A Mo, BF04-0188

Pablic reportivg byrdey for thie coliection of hfomatoy k& eztmated 0 @erage 1 borr PEI I'ESDDISE |IG|IU|IQ the time Tor ey kew |I? Istractions, seanch g ex b thg data son ces,
gatkerieg and mah @ ng the data seeded, and completivg and reukw g the colkctioy of htomatios. Sed comments mgﬂanﬂ Iig thie bardes estmate orary other aspect ot thk
colkctioh of Wfomation, hchdhg uggestms Tor redecivg the bundes, to iash igtow H&BJqIEITeI"S S kg | Dlrectordte Tor Wfomatos Operatioes avd Feports, 1215 Jeterzon
Dau ke Highway, Si e 12|:|l, Arivgtor, ve 22202-4302, aed 10 the DTTH of Maragdement and Brdget, Fa:lEI'I.IIJI‘lC Fednction Project OTO04-0155), Mackhgtos, DC 20503,

1. AGEMCY USE QMLY fLeave Rignk) |2 REPORT DATE 3. REFORT TYPE AMND DATES COVWERED
May 2002 FINAL REPORT MAY 02
4. TITLE AWDO SUETITLE . FUNDING MUMEERS
MINIMUM PERFORMANCE REQUIREMENT FOR AIR FORCE FLIGHTLINE
FIRE EXTINGUISHERS: EXTINGUISHING PERFORMANCE AGAINST FOR637-98- C- 5001
3- DIMENSIONAL AND HIDDEN FIRES
& AUTHOR(E)
T. PERFORMIMG ORGARMIZATION MAMEIS] AND ADDRESSIES) 5. PERFORMINMG ORGAMIZATION
AIR FORCE RESEARCH LABORATORY (AFRL/MLQLIY) REPORT MUMEER

MATERIALS & MANUFACTURING DIRECTORATE
AIRBASE & ENVIRONMENTAL TECHNOLOGY DIVISION
TYNDALL AFB, FL 32403-5343

AFRL- ML TY- TR02- 4540

9. SPOMNSORINGIMOMITORING AGEMCY MAME(S) AND ADDRESS(ES) 10. SPOMNSORING/MORMITORIMG
AGEMCY REPORT MUMEER

11. SUPPLEMEMTARY MOTES

12a. DISTRIBUTIOM AVAILABILITY STATEMEMT 12b. DISTRIBUTION CODE

Approved for Public Release;, Distribution Unlimited

15, ABSTRACT (Maximum 200 w ards)

This report contains requirements for extinguishing fires ocourring within an engine nacelle through access ports and to
extingnish pooled or flowing fuel tail pipe fires. It provides the test protocol and test apparatus requirements for assessing
the capability of fire extingnishers to suppress these two specific aireraft engine fires that frequently occur on the flightline.
The current Air Force flightline extingnisher uses Halon 1211, an Ozone Depleting Substance (OD5).  Any agent used in an
extinguisher proposed for testing would be considered a replacement for an ODE. As a eplacement wnder Section 612 of
the Clean Air Act of 1990, the agent would have to be approved as an Acceptable Halon 1211 Replacement through the EPA
Significant Wew Alternatives Policy (SNAP) program prior to testing. These criteria are provided for the sole purpose of
assessing the capability of fire extingnishers to suppress aircraft engine fires on the flightline.

14. SUBJECT TERMS 15. NUMEER OF PAGES
Flightline fire extinguishers, engine nacelle, Halon 1211, perdformance requirement, 12
3-dimensional fires 16. PRICE CODE
17. SECURITY CLASSIFICATION |15 SECURITY CLASSIFICATION |19, SECURITY CLASSIFICATION [20. LIMITATION OF ABSTRACT
OF REFORT OF THIS PAGE aF AB%HE&ESTified
unclassified unclassified I

T A 2T 200 €O

Deslglel:l q Perform Pro, WHSDIOR, Oct 34

1ii



v



TABLE OF CONTENTS

EXECUTIVE SUMMARY ...ttt et eeeeeeeeeeaeeeteestesstesseeseeesenesaseseseesneessaessaesnns vi
1 INTRODUCGCTION ...t e e e e e e e e eeeee et e e e e eeeeeseteaeeseeeseessaessaesaeesaneens 1
1.1 N @03 SIS 1
1.2 BACKGROUND.......uuiiitiiiiteeeeitiecetteeeee e et e stt e e etteesatessateesssesssseessseessssessasaessssesssseessseeesns 1
1.3 PURPOSE. ...ttt ettt et ettt e e st e eat e et e satesteesaeesntesnsesnssenssenseenneas 2

2 PERFORMANCE TESt PIOTOCOL ... ettt eeeeeeeeeeeeeeeseeeseeeseneeeens 3
2.1 F-100 TEST FIXTURE .....ovtitiitiieeeeeeeeee ettt ettt eae s eae s snt e saae st enaseaeesnnesneas 3
2.2 TEST PROCEEDURES .....ccutiiiitiiiitteieteeestteestteeetteesssesssseeesssesssesssssesssssssssssssssesssssesssseesns 6
2.2.1  GeNneral REGUIFEMIENLS................ccoeueueeeeeeeieiieieieeieieeieeeies ettt esesese s sensesenes 6
2.2.2  Rear ENGiNe Fir@ TSt ...........cccooeiieiiieieieieeteeee ettt 6
2.2.3  ACCESS PANCI FTFE TOSE ..o e eeeeseee e e eseneesereeenas 8

3 Performance EVAIUATION ......ccuveeeeeeeeeee ettt eeee e e e e e eseeeereeeeeeeseeaeseenesnneesanee 9
3.1 PASS FAIL CRITERIA......couuiitiitiieteeeeeeeee ettt e et eaeeaessaeesaeesnsesnaesnssenssenseesnsesnees 9
31D ReAr ENGINe TESE ..ottt 9
3,12 ACCESS PANCI TOSE ..o e e e eeeeeeeeeeseneenenee 9

32 SCORING ....uveieeeeeteeeete e et e e eate e et e seateesaeeesbteesaeesssesessseesnaeessteesssessnseessseesnsessnsteessseesns 10
APPENDIX A: F-100 FiXture DE@SIZN .......ceueiririeieiiirieieieiieieeiieieieeeetetesee s eesseseaeennas 11
APPENDIX B: Data COIECtION SHEELS ......neeeeeeeeeeeee et ee e eereeeeseeeeeeeereeeesenesanees 12



EXECUTIVE SUMMARY

This report contains requirements for extinguishing fires occurring within an engine nacelle
through access ports and to extinguish pooled or flowing fuel tail pipe fires. It provides the
test protocol and test apparatus requirements for assessing the capability of fire extinguishers
to suppress these two specific aircraft engine fires that frequently occur on the flightline.

The current Air Force flightline extinguisher uses Halon 1211, an Ozone Depleting Substance
(ODS). Any agent used in an extinguisher proposed for testing would be considered a
replacement for an ODS. As a replacement under Section 612 of the Clean Air Act of 1990,
the agent would have to be approved as an Acceptable Halon 1211 Replacement through the
EPA Significant New Alternatives Policy (SNAP) program prior to testing.

These criteria are provided for the sole purpose of assessing the capability of fire extinguishers
to suppress aircraft engine fires on the flightline.

A following report will be published with an electronic copy of Autocad® files for design
drawings and bills of materials for the test fixture and test pad.

Vi



1 INTRODUCTION

The current Air Force flightline extinguisher uses Halon 1211, an Ozone Depleting Substance
(ODS). Any agent used in an extinguisher proposed for testing would be considered a
replacement for an ODS. As a replacement under Section 612 of the Clean Air Act of 1990,
the agent would have to be approved as an Acceptable Halon 1211 Replacement through the
EPA Significant New Alternatives Policy (SNAP) program prior to testing.

Candidate fire extinguishers to be tested under this requirement must not employ agents that
will adversely affect the internal components of Air Force aircraft engines to the extent that
extinguishment of ““cold start” fires, i.e., small fires within the tailpipe, will require removal of
the engine and depot level inspection and/or refurbishment. The engine manufacturers have
determined the impact of commonly used fire extinguishing agents and the results included in
the pertinent engine maintenance manuals, e.g. Technical Order T.O. 2J-F100-46-2. New
agents proposed for this application require evaluation by the OEM to determine if there any
detrimental effects on engine components and the results submitted along with the request for
testing under this requirement. Final approval for use of the agent rests with the cognizant
USAF propulsion engineering authority.

1.1 SCOPE.

This report contains requirements for extinguishing fires occurring within an engine nacelle
through access ports and to extinguish pooled or flowing fuel tail pipe fires.

These criteria are provided for the sole purpose of assessing the capability of fire extinguishers
to suppress aircraft engine fires on the flightline. They are not the complete criteria for
commercial item descriptions, purchase descriptions, and similar documents as they do not
cover the totality of operational performance requirements, for example: toxicity,
environmental constraints, impact on internal engine components, size, weight, winterization,
paint, maintainability, towing, etc.

12 BACKGROUND

The Naval Research Laboratory, under contract to the Air Force, conducted an extensive
review of flightline fire incidents during the period 1984 through 1990'. This review
documented the success of flightline fire extinguishers in minimizing the cost per incident of
aircraft fires. At that time, incident reports to the Navy Safety Office were inadequate to
establish detailed locations of each fire; engine, engine nacelle and APU fires were thought to
represent the majority of fires extinguished by flightline fire extinguishers. These data led to
the development of the F-100 Engine Nacelle Test Fixture and to improved incident reporting
to more fully understand functionality of flightline fire extinguishers.

! Leonard, J. T.; Budnick, E. K.; Rosenbaum, E. R.; Perrault, D. J.; Hayes, E. D., Flightline Aircrafi Fire
Incidents and Suppression Agent Effects: Field Inquiries and Incident Analysis. Apr 94; WL-TR-93-
3519



Recent research, also conducted by Navy, used the improved incident reports for the period
1993 through 1995 to validate the conclusions of the earlier report™.

13 PURPOSE.

This purpose of this report is to provide the test protocol and test apparatus requirements for
assessing the capability of fire extinguishers to suppress two specific aircraft engine fires
frequently occurring on the flightline:

a. The extinguisher must effectively extinguish fuel fire in a flowing state (commonly
called 3-dimensional or flowing fuel fires) expected in engine tail pipes.

b. The extinguisher must apply agent through engine access ports to penetrate and
extinguish fires occurring within the engine nacelle.

Laramee, S. T.; Verdonik, D. P.; DiNenno, P. J.; Williams, F. W., U.S. Navy Halon 1211 Replacement
Plan Part 2 - Halon 1211 Requirements Review, 01 Nov 1999; NRL/MR/6180--99-8411



2  PERFORMANCE TEST PROTOCOL

21 F-100 TEST FIXTURE

The test fixture is constructed according to the design provided in Appendix A°’. Specific
features are illustrated in the following figures.

Figure 1. Overall

Fixture (Side View)
: : LOW
PAN COMPRESSOR/ © oo e a o
COMBUSTOR r &!-I'E;Wt : AFTERBURNE it
| (FRONT SECTION) ' T - (REAK SECTION) ¢
: L, 106.6° -
| : . 1" — C——

AutoCAD® files for design drawings and bills of materials for the test fixture and test pad will be
published in a following report and have been archived and are available from AFRL/MLQD, 139
Barnes Dr. Suite 2, Tyndall AFB, FL 32403



Figure 2. Aft View
F-100 Fixture

The concentric tube
design provides the
hidden fire space for
the Access Panel
Test.

Figure 3. Baffle
Detail

Two-inch stainless
steel strips alternate
in two layers four
inches apart. Also
note the location of
the thermocouple
used for fixture
temperature control.

Fhermocouple

. Leeation -

b




Figure 4. Access
Port (Covered)

This configuration is
used for the Rear
Engine Fire Test

Figure 5. Access
Port (Open)

This configuration is
used for the Access
Panel Fire Test




Figure 6. View
Through Ignition
Opening

The hole adjacent to
the baffle is the

position of the #3
fuel spray nozzle

22 TEST PROCEEDURES

2.2.1 General Requirements

a. Wind direction: the test apparatus orientation will be adjusted based on the
direction of the prevailing wind for that test day. The wind direction shall
be from the firefighters back, plus or minus 30 degrees.

b. Wind speed: testing will not commence if wind speed exceeds 8 mph.

c. Thunderstorm: no test will take place when lightning storms are within
five miles of the test site.

2.2.2 Rear Engine Fire Test

2.2.2.1 Ciritical Performance Parameters
e Time to full extinguishment
e Amount of extinguishing agent used



2.2.2.2 Test Specifications

2.2.2.2.1 Required Equipment and Supplies

a.

g.
h.

Concave concrete test surface — 11 ft. in diameter, center 3 in. lower than
rim.

F-100 Test Fixture

Thermocouple reading device to monitor fixture temperature during the
Pretest phase

50 gal. JP-8 Jet Fuel per test fire

Fuel pump with sufficient capacity to supply 4 gpm JP-8 with test nozzles
2 and 3 open

Charged test extinguisher
Cleanup equipment appropriate for test extinguisher

Scale suitable for weighing the extinguisher before and after each test

2.2.2.3 Test Operating Procedure

2.2.2.3.1 Pretest Phase

22232 Test

a.

b.

1.

Determine and record extinguisher full weight

Ignite afterburner (nozzle 3) fuel spray (JP-8, 2 gpm)

Heat tail pipe to 550 £ 25°F

Shut off fuel

Allow metal to cool to 475 + 25°F

Initiate fuel flow through nozzles 2 and 3 (4 gpm total)

Flow 25 gallons of JP-8 through the fixture into the concrete pan

If spontaneous ignition occurs, shut off fuel and allow metal to cool to a
lower temperature. Return to item f.

Ignite low pressure turbine and afterburner fuel sprays with a suitable
torch applied through the ignition port

Ignite pan



k. Allow to burn for 15 seconds

1.

Apply fire extinguisher according to manufacturers instructions

m. Record

Time to extinguish

Weight of agent used

n. Weigh and record weight of extinguisher after test

2.2.3 Access Panel Fire Test

2.2.3.4 Ciritical Performance Parameters

e Time to full extinguishment

e Amount of extinguishing agent used

2.2.3.5 Test Specifications

2.2.3.5.1 Required Equipment and Supplies

a.

g
h.

Concave concrete test surface — 11 ft. in diameter, center 3 in. lower than
rim.

F-100 Test Fixture

Thermocouple reading device to monitor fixture temperature during the
Pretest phase

50 gal. JP-8 Jet Fuel per test fire

Fuel pump with sufficient capacity to supply 4 gpm JP-8 with test nozzle 1
open

Charged test extinguisher
Cleanup equipment appropriate for test extinguisher

Scale suitable for weighing the extinguisher before and after each test

2.2.3.6 Test Operating Procedure

2.2.3.6.1 Pretest Phase

a.

b.

Determine and record extinguisher full weight

Ignite afterburner (nozzle 3) fuel spray (JP-8, 2 gpm)



223.62 Test

a.

Heat tail pipe to 550 £ 25°F
Shut off fuel
Initiate fuel flow through nozzle 1 (4 gpm)

If spontaneous ignition occurs, go to 2.2.2.6.2 b.

Ignite access panel spray with a suitable torch applied between the engine
shell and nacelle shell at the bottom rear of the fixture

Allow to burn for 15 seconds
Apply fire extinguisher according to manufacturers instructions
Record

Time to extinguish

Weight of agent used

3 PERFORMANCE EVALUATION

An extinguisher is rated as acceptable or unacceptable in Extinguishing Performance
Against 3-Dimensional And Hidden Fires based on the following criteria:

31 PASSFAIL CRITERIA

3.1.1 Rear Engine Test

To attain a single test grade of PASS, the test extinguisher must produce the following results:

c.

f.

g.

Extinguishment of the engine fire and pool fire must occur in less than 30
seconds after the beginning of agent discharge

No reignition may occur

Agent consumed must not exceed 75% of extinguisher capacity

If all three requirements are not met the extinguisher will be given a single test grade of FAIL.

3.1.2 Access Panel Test

To attain a single test grade of PASS, the test extinguisher must produce the following results:

h.

1.

Extinguishment of the nacelle fire and any associated pool fire must occur
in less than 30 seconds after the beginning of agent discharge

No reignition may occur



J- Agent consumed must not exceed 75% of extinguisher capacity
If all three requirements are not met the extinguisher will be given a single test grade of FAIL.

32 SCORING

A test series will consist of no more than ten tests total. An extinguisher will be rated as
“Acceptable in Extinguishing Performance Against 3-Dimensional And Hidden Fires” based
on the following three scores:

a. Receive a PASS grade on three (3) Rear Engine Tests
b. Receive a PASS grade on three (3) Access Panel Tests
c. Receive a PASS grade on seven (7) tests out of ten tests overall.

Failure to achieve any of these three criteria will result in a rating of “Unacceptable in
Extinguishing Performance Against 3-Dimensional And Hidden Fires”

10



APPENDIX A: F-100 FIXTURE DESIGN
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APPENDIX B: DATA COLLECTION SHEETS

3'I'est No: Date: Time:
Type of Fuel: JP-8 Fire Scenario: Flowing fuel Pool/F100
Pool Fire Size: 100
Fuel Amount: 25 other
Pre-burn Time (sec): 15 Pre-burn Temperature: 350°F
Pretest
Agent Type: Halon 1211
Agent Delivery Syst: Halon 1211 extinguisher# Start weight: End Weight:
Ext. Time (sec): Timer 1: Timer 2:
Meterological Data: ~ Wind Velocity: Wind Direction:
Temperature: Humidity:
Thermocouple Reading:
Access Panel: Inside: Outside: Ambient:
Observations:

12
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